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INTERIM REMEDIAL MEASURE ALTERNATIVES ASSESSMENT 
UPSTREAM PORTION OF THE SLUICEWAY 

DELAWARE VALLEY WORKS FACILITY 
CLAYMONT, DELAWARE 

USEPA I.D. NOS. DED154576698 AND PAD990823742 
DOCKET NO. RCRA-3-089CA 

1.0 INTRODUCTION 

Cummings/Riter Consultants, Inc. (Cummings Riter) has prepared this Interim Remedial 

Measure (IRM) Alternatives Assessment for the upstream segment of the sluiceway at the 

Delaware Valley Works Facility (the Facility) located in Claymont, Delaware, on behalf 

of General Chemical LLC (General Chemical) (formerly General Chemical Corporation) 

and Honeywell International Inc. This assessment was initiated in response to a request 

from the U.S. Environmental Protection Agency (USEPA) dated April4, 2011 which 

documented a USEP A concern regarding the presence of pesticides 

( dichlorodiphenyltrichloroethane [DDT], dichlorodiphenyldichloroethane [D D D], 

dichlorodiphenyldichloroethylene [DDE]), arsenic, and lead in sediment samples 

collected from the storm water sewer system at the Facility (including the sluiceway), and 

near-shore area of the Delaware River contiguous to the Facility. Cummings/Riter 

prepared a report documenting an alternatives assessment for these portions of the 

Facility which was submitted to USEPA on May 9, 2011. The report evaluated 

alternatives for the shoreline, river sediment, and the storm water piping system, and 

partially evaluated alternatives for the sluiceway. A preferred alternative(s) was not 

identified for the sluiceway due to data gaps regarding physical conditions. A letter 

describing the collection of data needed to close this data gap and to complete the 

alternatives assessment for the sluiceway (and a schedule for these activities) was 

submitted to USEPA on July 14, 2011. This IRM Alternatives Assessment is being 

submitted pursuant to the July 14, 2011 letter, and presents the completion of the 

alternatives assessment for the upper portion of the sluiceway, defined as the portion 

upstream of the existing weir structure. The initial version of this report was submitted to 

USEP A on October 31, 2011. USEP A provided comments to that submittal in a letter 

dated February 8, 2012. This report has been modified in response to the USEPA 

comment letter. 
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1.1 SITE BACKGROUND 

The Facility includes a North Plant and a South Plant, which are separated by U.S. 

Highway 13, located in Claymont, Delaware. Storm water at the North Plant is collected 

by a storm water sewer collection system. This system conveys storm water by gravity 

beneath U.S. Highway 13 and into the storm water sewer system that serves the South 

Plant. Storm water in the South Plant system flows into a confluence box where 

sediment deposition takes place. From the confluence box, storm water is conveyed by 

gravity to the sluiceway, where it then enters a lift station upstream of a weir, and passes 

through the Facility's water treatment system. The treated water is then discharged 

downstream of the weir, which conveys the treated storm water flow to the Delaware 

River. The IRM alternatives assessed in this report pertain to the portion of the sluiceway 

upstream of this weir. The alternatives assessment for the balance of the sluiceway will 

be addressed in a forthcoming report. 

As described above, sediment conveyed in the Facility's storm water system is trapped at 

various points throughout this system. Samples of this sediment have been collected and 

analyzed, disclosing the presence of pesticides, arsenic, and lead. Sediment has also been 

sampled and analyzed from near-shore areas of the Delaware River adjacent to the 

Facility. Figure 1 shows the layout of the storm water collection systems. Figure 2 

shows recent results from sediment sampling for the North Plant and South Plant. 

Figure 3 shows the results of sediment sampling and analysis. Information shown on 

Figures 1, 2, and 3 has previously been submitted to USEP A. 

1.2 BASISFORIRMS 

USEP A has determined that the presence of pesticides, arsenic, and lead in sediment 

constitutes a potential threat to human health and the environment that is related to the 

Facility, and is subject to a Final Administrative Order (the Order) for Corrective Action 

(Docket Resource Conservation and Recovery Act [RCRA]-3-089CA). Under the terms 

of that Order, USEPA has requested that General Chemical prepare an Interim Measures 

Work Plan pursuant to Section VI.A.3 of the Order to address the potential threat. Prior 

to the development of the Interim Measures Work Plan, USEP A requested that General 
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Chemical prepare and submit an evaluation of IRM alternatives for potential 

implementation. This report addresses the assessment of alternatives for the portion of 

the sluiceway upstream of the weir. 

1.3 OBJECTIVES OF ALTERNATIVES 

The objectives for the IRM alternatives are as follows: 

1.4 

• Control the release of source material into the storm water sewer 
system and the Delaware River, and 

• Address the contamination in the Delaware River sediments in the 
near-shore areas adjacent to the Facility and the storm water sewer 
system of the Facility, including the sluiceway. 

CRITERIA FOR EVALUATING ALTERNATIVES 

Criteria for assessing IRM alternatives were discussed during telephone conversations 

with Mr. Russell Fish ofUSEPA during the preparation of the May 9, 2011 report, as 

updated in USEPA's June 21, 2011letter to General Chemical. An alternatives 

assessment for the upstream portion of the sluiceway reflecting those discussions is 

presented in the following sections. The removal of sediment from the storm sewer 

system upstream ofthe sluiceway was described in the May 9, 2011 report, has been 

completed. 

Section 2.0 describes the investigation of the geotechnical and topographic conditions of 

the upper sluiceway. The evaluation of alternatives for the upper portion of the 

sluiceway is described in Section 3.0, where each alternative is described and evaluated 

relative to one another with respect to 1) effectiveness in meeting the objectives of 

protecting human health and the environment; 2) potential risks associated with 

implementation; 3) feasibility of implementation; 4) relative cost; and 5) as required in 

the June 21, 2011 USEPA letter, permanence, including complexity and cost of 

maintenance. Subsection 3.7 presents the proposed alternative. Section 4.0 discusses the 

underground portion of the sluiceway that conveys storm water beneath the railroad 

tracks, and Section 5.0 presents the implementation sequence. 

360/RII - 3-

CUMMINGS 
'/(_ITER 



.. 

.. 

.. 

.. 

... 

.. 

... 

2.0 INVESTIGATION OF CONDITIONS IN THE UPPER 
SLUICEWAY 

The sluiceway is comprised of distinct segments that warrant specific consideration in 

evaluating alternatives for IRMs. While the levels of pesticides, lead, and arsenic in 

sluiceway sediments are reasonably well understood, the topographic and physical 

conditions of the sluiceway and surrounding sediment and soils were not well understood 

at the time of the May 9, 2011 alternatives assessment. The report included a partial 

evaluation of alternatives, but identified data gaps regarding topographic and 

geotechnical conditions that needed to be resolved before an alternatives analysis could 

be completed for the sluiceway. The June 21, 2011letter from USEPA to General 

Chemical requested a schedule for performing investigations to obtain the data necessary 

to complete the evaluation of alternatives for the sluiceway. Cummings/Riter provided 

the scope and schedule for performing these investigations to USEP A in a letter dated 

July 14, 2011. 

2.1 UNDERGROUND PORTION OF THE SLUICEWAY BENEATH THE RAILROAD 

TRACKS 

The uppermost portion of the sluiceway conveys storm water flows underground from the 

confluence box to the open section of the sluiceway. Recently obtained photographs 

show that some walls of the underground portion are comprised of concrete block and the 

base is comprised of poured concrete. A recent photo taken from a manhole opening is 

included as Appendix A. Additionally, drawings depicting the construction of the 

underground portion of the sluiceway have recently been located and are being reviewed. 

The amount and physical nature of sediment currently located in this section ofthe 

sluiceway has not been quantified, but given the nature of construction on this section, 

physical removal of the sediment in this section is anticipated to be the sole practical 

interim measure that would enable attainment of project objectives. Section 4.0 describes 

the remedial approach for this area. 
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2.2 OPEN SECTIONS OF THE SLUICEWAY 

Geotechnical investigations and topographic surveying of the sluiceway (along with 

assessment of near-shore areas of the Delaware River and shoreline being addressed by 

the interim measures) were conducted during September 2011. The geotechnical and 

topographic data are presented in their entirety in the alternatives assessment for the 

portions of the sluiceway downstream of the weir, which was submitted in November 

2011. The data from the geotechnical investigation pertaining to the upper portion ofthe 

sluiceway are provided in Appendix B. The topographic information that pertains to the 

upper portion of the sluiceway is provided in Appendix C. 

As noted in Appendix B, the geotechnical investigation identified the presence of soft 

sediment in a majority (four of five) of the locations tested in the upper portions of the 

sluiceway at thicknesses ranging from approximately 1 to 5 feet, with a representative 

thickness of approximately 1.5 feet. The thickness of soft sediment at the H-41 location 

was found to be approximately 5 feet (Appendix B). 

The peak undrained shear strength in this sediment was found to be 7 to 350 pounds per 

square foot (psf) (negligible to approximately 2.4 pounds per square inch (psi). The 

remolded undrained shear strength of this sediment ranges from less than 2 to 140 psf 

(negligible to approximately 1 psi). This soft sediment was found to be underlain a dense 

gravel layer or gravel mixed with sand and clay that forms the base of the sluiceway 

channel bottom. 

Cross-sections located in the portions of the sluiceway that are the subject of this report 

are provided in Appendix C. The cross-sections depict the longitudinal and transverse 

geometry of the upper portion of the sluiceway, and will enable calculation of material 

quantities and confirmation of hydraulic capacity during the design of the selected 

alternative. 

The most important information relevant to alternatives assessment and selection 

disclosed by these investigations is the identification of locations, thickness, and shear 

strengths of soft sediment. The prevalence and lack of shear strength of soft sediment 

overlying a gravel channel bottom in this portion of the sluiceway is an important 

consideration in alternatives assessment. 
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3.0 ALTERNATIVES ASSESSMENT­
UPPER PORTION OF THE SLUICEWAY 

Cummings!Riter has identified the following potentially applicable alternatives for 

achieving the objectives for the open (aboveground) sections of the upper sluiceway 

IRM: 

1. Alternative 1 -In-Place Physical Stabilization: This alternative 
involves in-situ physical stabilization and isolation of sediment using 
engineered geotextile, and securing/maintaining the flow channel with 
riprap or an articulated concrete lining, or alternate equivalent non­
porous media to be determined during design . 

2. Alternative 2 - Pipeline Conveyance: This alternative involves 
placement of a new large-diameter storm water conveyance pipe in the 
sluiceway, and securing the surrounding sediment with filter fabric and 
engineered backfill such that flow capacity is maintained while the 
sediment is isolated from storm water and buried. 

3. Alternative 3 - Sediment Removal and Physical Stabilization: 
This alternative involves removal of impacted soft sediment for off­
site disposal. This alternative would also include physical stabili.7;ation 
of remaining sediment (if any) to offer environmental isolation, and 
reestablishment of a stable storm water flow channel using engineered 
geotextile and securing/managing the flow channel as described above 
for Alternative 1. The specific type of physical stabilization may 
involve placement of amended material (such as low permeability 
media, or equivalent material, or placement of engineered geofabric 
products), the details of which will be determined during engineering 
design. 

An assessment of these alternatives using the evaluation criteria is provided below. 

3.1 EFFECTIVENESS IN MEETING THE IRM OBJECTIVES IN PROTECTING HUMAN 
HEALTH AND THE ENVIRONMENT 

Each of the three alternatives evaluated for the sluiceway, if appropriately implemented, 

could be acceptable under this criterion. Alternatives 1 and 2 (stabilization in place with 

different means of maintaining storm water conveyance) would be effective at locations 
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where the stabilized sediments and surrounding soils have the physical strength to 

support either an open-lined flow channel or large-diameter pipe for storm water 

conveyance. However, the geotechnical investigation disclosed that sediment with very 

low strength exists in four of the five locations evaluated for the upper portion of the 

sluiceway. Alternative 3 (soft sediment removal followed by stabilization of any residual 

sediment and providing a lined storm water channel) would be able to meet this criterion 

throughout the upper sluiceway. 

3.2 POTENTIAL RISKS OF IMPLEMENTATION 

The potential risks of implementation are similar for these three alternatives. All three 

alternatives would utilize flow diversion such that work is conducted in relatively dry 

conditions, with appropriate control of potential sediment mobilization. For all three 

alternatives, flow diversion must be undertaken in a manner that maintains compliance 

with federal, state, and local regulations including the terms and conditions of the 

existing National Pollutant Discharge Elimination System (NPDES) permit for the 

sluiceway discharge. Flow may include storm water, as well as some groundwater that 

could, under some circumstances, flow into the work zone under any of the alternatives. 

All three alternatives involve some disturbance of impacted materials. Alternatives 1 and 

2 would be very challenging to implement due to the likely inability of soft sediment to 

support construction equipment (Appendix B). Relative to Alternatives 1 and 2, 

Alternative 3 involves greater implementation risks associated with the sediment 

removal, transportation, and disposal of impacted materials, including the potential for 

direct exposure of workers to contaminated sediments, potential for releases during on­

site processing of sediments, and potential off-site releases associated with 

transportation-related spills and accidents. This work under Alternative 3 will require 

making appropriate waste determinations, as well as ensuring that all activities associated 

with this IRM comply with all federal, state, and local regulations. 

3.3 FEASIBILITY OF IMPLEMENTATION 

Implementation of all three alternatives is feasible, but relative ease or difficulty of 

implementation would vary significantly with the actual physical conditions of 

soils/sediment encountered. The stabilization in-place alternatives (Alternatives 1 and 2) 

would be feasible for conditions where the sediments have sufficient physical integrity to 
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support either a channel lining or large-diameter conveyance pipe, but only one of the 

five locations evaluated appears to fit this criteria. Alternative 3 is better suited to areas 

where the underlying materials are very soft, which includes four of the five locations 

evaluated. Additionally, given that the Upper Sluiceway contains a well defined and 

limited amount of soft sediment (i.e., a controlled volume), Alternative 3 ranks highly 

under this criterion. 

3.4 RELATIVE COST (CAPITAL) 

This criterion considers the cost of design and construction for each alternative. 

Alternative 3 will likely be more costly to construct than Alternative 1, given that 

Alternative 3 has the additional cost components of sediment removal, transportation, and 

disposal. Interim measures undertaken for the confluence box have found that the 

sediment removed is a non-hazardous waste that upon stabilization, and can be disposed 

of in an RCRA Subtitle D landfill. The relative cost of Alternative 2, as compared to the 

other two alternatives, is dependent on the volume and unit cost of pipe backfill material 

that would be disclosed in the design should this alternative be selected. However, given 

the amount of imported backfill needed to fully secure the conveyance pipe, Alternative 2 

would be anticipated to be the highest capital cost alternative. 

3.5 PERMANENCE, INCLUDING MAINTENANCE REQUIREMENTS AND COSTS 

OVERTIME 

Alternative 1 ranks poorest under this criterion, in that all of the impacted, very soft 

sediment would remain on site within the sluiceway channel. The channel would likely 

require periodic inspection to assure that the containment of sediment after major storm 

events is still maintained. Costs of future maintenance work could prove significant. 

Alternative 2 ranks better under this criterion, as the buried pipeline would provide 

additional integrity in maintaining the buried sediment in place. 

Alternative 3 ranks highest under this criterion, as soft, potentially mobile sediment is 

removed from the site, and provides for a solid base for a new stabilized channel. 

Alternative 3 would reduce both the need for future inspections and the complexity and 

resultant costs of any needed future repairs as compared to Alternatives 1 and 2. 
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3.6 DISCUSSION OF ALTERNATIVES ASSESSMENT BASED ON GEOTECHNICAL 

CONSIDERATIONS 

As described in Appendix B, soft sediments were encountered at the five locations assessed 

in the upper portion of the sluiceway. In some cases, the remolded strength ofthe 

sediments is low enough that it could not be measured using the Vane Sheer Test (VST). 

Some observations from review ofthe geotechnical data obtained in September 2011 

(Appendix B) include the following: 

360/Rll 

• Surface sediments may be sensitive to disturbance. For alternatives 
that include sediment removal, typical sediment excavation would 
employ conventional small earthwork equipment staged inside ofthe 
sluiceway after it has been dewatered. This equipment would be used 
to excavate and move the sediment to a location where an excavator 
located outside of the sluiceway could remove the sediment, dewater 
the sediment on site, and load it onto trucks for off-site disposal. It is 
possible for recently deposited sediments, such as those found in the 
sluiceway, to lose significant strength upon disturbance. This is 
referred to as "sensitive" behavior. The design of the interim measure 
for this portion of the sluiceway will need to address these sensitive 
conditions, and anticipate that sediments might "run" to a flatter angle 
of repose during excavation activities. Measures typically taken to 
counter this effect include utilizing specialized removal equipment 
(e.g., vacuum removal). 

• Surface sediments likely will not directly be able to support typical 
construction loads. An approach, such as excavating from outside the 
sluiceway to create a working surface on the stiffer underlying 
sediments, may be one way to manage the soft surface conditions. This 
working surface could be an area to stage equipment within the 
sluiceway, or a starting point for equipment to be used to excavate 
sediments from within the sluiceway. Alternate approaches, such as 
low ground-pressure equipment, may also need to be considered to 
manage soft surface conditions. 

• An engineered cap or newly installed large-diameter conveyance pipe 
may not be implementable in the sluiceway without removal of 
underlying soft sediment. These types of water conveyance structures 
should be designed to be stable under a variety of flow regimes. The 
ability to maintain physical integrity of a water conveyance structure 
over time under widely varying flows would be more readily assured 
by the removal of soft sediment. 
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3.7 RECOMMENDED ALTERNATIVE (ABOVEGROUND PORTION) 

Based on the comparative analysis described in Subsections 3.1 through 3.6, summarized 

in Table 3.1, Alternative 3 is the recommended alternative. Alternative 3 removes soft 

sediment from the sluiceway to the extent practicable with conventional equipment, while 

not damaging the sidewalls ofthe sluiceway, enabling the reconstruction of a stable 

channel to convey future storm flows. The removal of this material under this alternative 

has the added benefit of removing a substantial volume of environmentally impacted 

material from the site, with associated benefits of reduced long-term maintenance, 

complexity, and costs. Any residual contaminants would be contained beneath an 

engineered channel lining. The specifications for the channel lining will be determined 

during the design. 
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4.0 UNDERGROUND PORTION OF THE SLUICEWAY 

Sampling and testing have disclosed the presence of impacted sediment in the storm 

water sewer system at both the North Plant and the downstream South Plant. The only 

practical alternative to eliminate the potential ofthese sediments to migrate downstream 

to the shoreline areas (without eliminating the sewer systems, which is infeasible) was to 

remove the sediment from the sewers, manholes, inlets, etc., using standard sewer 

maintenance approaches. This alternative for the storm water sewer system was 

described and recommended in the approved May 9, 2011 alternatives evaluation report. 

Similar to the upstream portions of the storm water sewer system, the only practically 

implementable alternative for the underground portion of the upper sluiceway is physical 

removal of the sediment. Cummings/Riter has, therefore, not attempted to conduct a 

ranking of other multiple alternatives for the underground portions of the sluiceway. The 

information recently obtained regarding the underground portion of the sluiceway 

indicates that it is likely to be structurally sound enough to safely accommodate sediment 

removal, subject to inspections and confirmation by the selected contractor. 

The work would be conducted by a qualified contractor on a performance basis. The 

selected contractor would assess the underground portion of the sluiceway with respect to 

the goal of sediment removal, and then develop work procedures he would intend to 

employ. This would include procedures for the proper management, treatment, and 

discharge of storm water or groundwater encountered in performing this work. The 

contractor's work procedures would be available for review by USEPA prior to initiation 

of removal work. The work procedures will be required to properly address confined 

space entry, as appropriate to the work procedures. One possible technique could be the 

use of a vacuum truck, with manual entry to the underground work area under a confined 

space entry permit. Other approaches, including jetting, may also be proposed. Flow 

diversion and groundwater management, if required, would be undertaken in a manner 

that maintains compliance with federal, state, and local regulations including the terms 

and conditions of the existing NPDES permit for the sluiceway discharge. 
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The management of removed liquids and solids will be appropriately conducted to reflect 

their constituents. The removed sediment would then be characterized for disposal and 

disposed of off site at permitted facilities. Any liquids collected will likely be pre-treated 

on site for subsequent discharge to the storm water treatment system, or otherwise 

properly managed in accordance with the contractor's procedures and applicable laws, 

regulation and permits. 

Photography will be employed to document sediment removal. Finally, this work will be 

completed prior to any work proceeds to the downstream portion of the upper sluiceway. 
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5.0 UPDATE OF ALTERNATIVES SELECTION AND 
SEQUENCE OF INTERIM REMEDIAL MEASURES 

Based on the site layout and potential migration pathways, a specific sequence of 

activities was recommended in the May 9, 2011 Alternatives Assessment Report for the 

IRMs to address USEPA's stated objectives. The sequence has been reviewed and 

updated, as described below. 

The recommended sequence is as follows: 

360/RII 

1. Complete the removal and disposal of sediment from the storm water 
sewer systems at both the North Plant and South Plant. (Complete.) 

2. Select the alternative for river and shoreline sediments. The 
alternative recommended is secured containment using armored 
capping or a rock cap. (Complete.) 

3. Determine remediation criteria for river shoreline and near-shore 
sediments. (In progress.) 

4. Conduct further field investigation of the conditions in the sluiceway. 
Completed work relevant to the upper portion of the sluiceway is 
described in this report. The results ofthis work enable selection of 
the alternative(s) and design of the remedy for the sluiceway. 

5. Determine the selected alternative for the upper portion of the 
sluiceway. (In progress and the subject of this report.) 

6. Plan design, and undertake the selected alternative for the upper 
portion of the sluiceway, starting with the underground portion of the 
sluiceway. (2012) 

7. Evaluate alternatives for the lower portion of the sluiceway. Select 
preferred alternative. (In progress) 

8. Interim Measures (IM) Work Plan, under which both the design and 
permitting of the shoreline sediment and lower sluiceway IRM would 
be initiated. (Requires Step 3 [above) to be completed.) 
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9. Implement the alternative for the lower sluiceway and shoreline 
sediment. (Schedule will be provided in the IM Work Plan.) 

This sequence results in multiple activities being undertaken in parallel towards 

USEPA's objectives, but also results in a logical "upstream to downstream" sequence of 

actual implementation, such that upstream sources are addressed prior to implementing 

the downstream interim measures. 
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EvALUATION CRITERIA 

1. Effectiveness in meeting IRM 
objectives in protecting human 
health and the environment. 

2. Potential risk of implementation. 

3. Feasibility of implementation. 
4. Relative cost (capital). 
5. Permanence, including maintenance 

costs over time. 
TOTAL SCORE 

TABLE 3-1 
RELATIVE RANKING<•> 

ALTERNATIVES EVALUATION CRITERIA 
UPPER PORTION OF SLUICEWAY 

ALTERNATIVE 1 ALTERNATIVE 2 
(IN-PLACE {PIPELINE 

STABILIZATION) CONVEYANCE) 

1 2 

2 {b) 2 

2 2 
3 1 
I 2 

9 9 

ALTERNATIVE 3 
(SOFf SEDIMENT REMOVAL 

AND CHANNEL STABILIZATION) 

3 

1 

3 
2 
3 

12 

(a) The ranking of alternatives for each criterion ranges from 1 to 3, with 3 indicating that the alternative best satisfies that criterion. 
(b) If relative ranking between alternatives is equal, both alternatives are assigned the same number. 
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MEMORANDUM 

To: Steve Coladonato, Honeywell International 

Michael \V are, General Chemical 

Pat O'Hara, P.E., Cummings/Riter 

From: John Laplante, P.E. and Travis Merritts, 

AnchorQEA 

Cc: Ram Mohan, P.E., Ph.D. and 

Walter Dinicola, P.E., Anchor QEA 

10400 little Patuxent Parkway, Suite 220 
Columbia, Maryland 21044 

Phone 410.715.0824 
Fax 410.715.5681 

W'>Nw.anchorqea.com 

Date: October 31, 2011 

Project: 110287-10.01 

Re: Geotechnical Conditions of Sluiceway Sediments, Delaware Valley Works Site, 

Claymont, Delaware 

This memorandum describes geotechnical conditions and provides some geotechnical 

engineering considerations related to surface sediments sampled from the sluiceway at the 

Delaware Valley Works (DVW) site in Claymont, Delaware. 

BACKGROUND 

The DVW site is subject to an Administrative Order (AO) with the United States 

Environmental Protection Agency (USEPA). Under the AO, an Interim Remedial Measure 

(IRM) is being conducted to address surface sediments located within a drainage sluiceway 

located on the site. 

Alternatives considered for the sluiceway IRM include stabilizing, backfilling, capping, and 

removal of surface sediments. To support the evaluation of the potential alternatives, data 

was collected to evaluate the geotechnical characteristics of surface sediments. This 

memorandum discusses the results of that geotechnical characterization program. 



Steve Coladonato, Michael Ware, and Pat O'Hara 
October 31, 2011 
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SEDIMENT GEOTECHNICAL CHARACTERISTICS- SLUICEWAY 

Sediment geotechnical characteristics in the sluiceway were evaluated through a program of 

soft sediment probing, in situ shear strength testing using a vane shear test (VST) device, and 

collection of sediment cores to facilitate laboratory geotechnical characterization testing on 

these sediments. The probing, VST, and sediment cores were collected at the site between 

September 13 and 15, 2011 by CLE Engineering (Marion, MA). 

The investigation work included five probe and VST locations and one sediment core 

location within the sluiceway. The probe and VST locations are designated H40, H41, H42, 

H43, and H44. The sediment core location is referred to as SClO. A map of the exploration 

locations, probe logs, VST results, and laboratory test results is attached to this 

memorandum. 

Subsurface Geotechnical Conditions 

Near-surface geotechnical characteristics in the sluiceway sediment as interpreted from the 

probing are as follows, from the mudline downward: 

Soft Silt. This layer consists of soft, dark gray elastic silt (USCS MH) and contains 

interbedded sand and gravel layers in certain locations. The soft silt ranges in thickness from 

approximately 1 to 5 feet, although the bottom contact of this unit can be transitional into a 

sand layer or a mixed gravel and sand/clay layer. Peak undrained shear strength ranges from 

approximately 7 to 350 pounds per square foot (psf) in this unit. Remolded (disturbed) 

undrained shear strength ranges from less than 2 to 140 psf. The soft silt unit directly 

overlies the gravel unit, where present, but it was not encountered at the extreme north end 

of the sluiceway at location H44. 

Gravel. Gravel was encountered in the base on all sluiceway probes. The top of this unit 

ranges in elevation from -3.7 to -12.4 feet North American Vertical Datum (NA VD) 88 

generally trending shallower to deeper from south to north with the exception that the 

shallowest contact is at the extreme north end of the sluiceway. The gravel was typically 

dense enough to cause probe refusal. The variation in surface elevation of the gravel may be 

attributable to areas of historic scour under higher flow events. The gravel unit v;ras the 

deepest unit encountered in this investigation. It is assumed that the gravel unit will not be 

subject to remedial action under any of the proposed alternatives. 



ATTACHMENT A 

Steve Coladonato, :\1ichael Ware, and Pat O'Hara 
October 31, 20ll 

Page 3 

Probing Data, Vane Shear Data, ~1ap of Exploration Locations, and Geotechnical Laboratory 

Testing Results. 



ATTACHMENT A 
PROBING DATA, VANE SHEAR DATA, 
MAP OF EXPLORATION LOCATIONS, 
AND GEOTECHNICAL LABORATORY 
TESTING RESULTS 



CLE Eugiueeriug, Inc. 
ciril • structural • marine • em·ironmenta/ • sun·ey 

Hydrographic & Topographic Sun·eys and Sediment Sampling Sen·ices October 20 11 

Bottom 
Range 

Depth Elevation 
Probe Range NAVD88 Description Date/Time 

H40 0-1.4 -2.4 Water 
1.4-2.7 -3.7 Soft Mud_(Red/Brown} 9/15/2011 

Gravel AM 
2.7-4 -5.0 (Refusal on Gravel) 

Bottom 
Range 

Depth Elevation 
Probe Range NAVD88 Description Date/Time 
H41 0-3.3 1.6 Water 

9115/2011 
3.3-4.5 0.4 Soft Mud jRed/Brown) AM 
4.5-5 -0.1 Mud 
5-5.2 -0.3 Sand Layer 

5.2-8.2 -3.3 Soft Mud 
Gravel 

8.2-9.2 -4.3 (Refusal on Gravel) 

Bottom 
Range 

Depth Elevation 
Probe Range NAVD88 Description Date/Time 
H42 0-2 0.4 Water 

2-4 -1.6 Soft Mud 9/15/2011 
4-5 -2.6 Sand AM 

5-10 -7.6 Gravel/Sand 

10 



CLE Engineering, Inc. 
ci1·i/ • structural • marine • enrironnrental • sune.r 

Hydrographic & Topographic Sun·eys and Sediment Sampling Sen·ices October 2011 

Bottom 
Range 

Depth Elevation 
Probe Range NAVD88 Description Date/Time 
H43 0-2.6 0.7 Water 

2.6-3.4 -0.1 Soft/Very soft Mud 9/15/2011 
Gravel/Mud AM 

3.4-12 -8.7 (Friction Refusal in Gravel/Mud) 

Bottom 
Range 

Depth Elevation 
Probe Range NAVDSS Description Date/Time 
H44 0-3.4 -0.2 Water 9/1512011 

Gravel AM 
3.4-4.1 -0.9 (Refusal on Gravel) 

11 



CLE Engineering, Inc. 
-5 

Vane Sheor T85l Heport 
Mud Elevation (NAVD68) = 

Test#! El= 
Test#2 El• 
Tesli13 El= 

-8 

Teat performed on 9/1&11 by CLE Engineering, lno. -7 
N/A 

Ymle Dlam. ~ 

Vane Heigh! ~ 

3.610 lnchea 

7.440 Inches Su 101 (T MAX)Irr(0.5D2H+0.167D3
) 

Sample Site H40 

Elev.Offesf - -61 - ·- ---------
l)enlh Below M1ut 1' Remold Shalt Net Remolded Remold 20.00 

Torque Torque Corn!ction Preoaura Net Prost. Shur Shoar I6.00 
lncll-Potmd• lndl·Pountls lnoh-P011nd Inch-Pound• lnoh-Pounds PSF PSF t2.oo 

0.0 0.0 0.0 0.0 o.o 0.00 0.00 
15.0 10.0 5.0 10.0 5.0 7.7.5 3.62 e.oo 1oldeu-

Oldog-

20iden 15.0 15.0 5.0 10.0 10.0 7.25 7.25 4.00 

30ideo 20.0 10.0 5.0 16.0 5.0 10.97 3.62 0.00 

40ideu 15.0 10.0 5.0 10.0 5.0 7.21! 3.62 dtg 

50id<ti! 15.0 10.0 S.o 10.0 5.0 7.25 M2 o 
6Dldeg 10.0 10.0 5.0 5,0 5.0 3.62 3.62 
70ideg 10.0 I 10,6 -~----5.1J- I --5.0 - I ll:ir-- I -3.62- I - 3.62 
SOidffi 10.0 I 10.0 -~- 5.o I -5.0 L 6.0 I 3.82 I 3.02 
PO Ide 10.0 I -10.0 I 5.0 I 5.0 I 5.0 I 3.62 I 3.62 

Elev. OfT est -7 
D•pth B•low M"ol 2' Remold Shaft Net Remolded Ram old 

Torque TorQUe Correction Pressure Net Press. Shear She or 
lnnh-Pound, lncl1~Pounds Inch-Pound lnch~PolmdR lnch-Pounm PSF PSF 200.00 ·--~ ·------· 

n deg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 160.00 ------·· --- --·--------·-
10 den 120.0 100.0 8.0 112.0 92.0 81.18 66.69 

12(),00 / -- " ~---20 deg 200.0 130.0 8.0 192.0 122.0 139.17 68.43 
30 dea 280.0 170.0 10.0 270,0 160.0 195.71 115.98 80.00 '".# ---- .... -
40 deu 250.0 220.0 12.0 238.0 208.0 172.51 150.77 40.00 _/ 

50 deo 210.0 100.0 8.0 202.0 92.0 146.42 66.69 
o.oo TT II ·-- 60 dog 200.0 100.0 8.0 192.0 92.0 139.17 86.69 7 : : : :J:J:J:I:I: 70 deg 150.0 80.0 e.o 142.0 72.0 102.93 52,19 

80 deg_ 130.0 60.0 8.0 122.0 52.0 88.43 37.69 .. 
90 dog 100.0 ~0.0 8.0 92.0 62.0 66.69 37.69 

fEiev. (..11 T••t NIA 

'"'""'"~"'" "" ...... ~· "' - - g -n-----T orque Torquo Correction Preaauro Net Pre11. llhtor Shear '"~-~-.......... -"""~""' '"'""""' ... ·~ I ·-E. ------------------, L__ Ofdeo 0.0 0.0 o.o 0.0 0.0 0.00 0.00 120.00 --- ---·--·--------··1 
I · - · 10 don 0,0 0.0 0.0 0.0 0.0 0.00 0.00 110.00 I 

20~ - 0.0 0.0 M M M ~ ~ -
~ 0.0 M 0.0 0.0 M ~ ~ 

30.00 ; .. -----------·-----40idea 1 o.o.. 1 o.o 1 o.o 1 o.o 1 o.o·--r · o:oo -I -·o.oo 
soldog r o.o 1 · - o.o ·r~n:o 1 -- o.o 1 o.o r o.oo 1 o.oo 
OOideg I 0.0 I 0.0 I 0.0 I - o.o I o:o I o.oo l ·a:oo 
70lde0- I o.o -· I o.o l~-0:0 I -o:.o -- l-- 6.o I IJ.OO --~ o.oo 
eoldfta I o.o ~-- 0.0 T- o.o I -o.o --~~-~ !l:o--1-o:oo --~--(),()() 

o.oo I :u I :u I.~ I :u I ~·1 ~I~ I~ I~ 1.: I 
o a ~ ~ ~ ro ~ ro ~ ~ 

90I<i"'l 1 o.o~l-o:o··--TO:o-r--o.:o---1· o:o~r-o.oo---r----o:oo 



C~E Englnoorlng, Inc. 

Vane Shoar Test Report 
Test perforrmod on 9115/11 by CLE EnginOBflng, Inc. 

VaneDiam.:;;: 3.810 Inches 

Vane Height = 7.440 tnd1es 

Sampla Site H41 

Elev. OITest -2 
D~plh flelow Mud 1' Remold Shall 

Torque Torque Correclion 
fnch~Pmmd~ lnd1-Poundl'f lnd•Poun<!. 

0 dflg o.o o.o 0,0 
10 deg 15.0 6.0 5.0 
20 den 15.0 5.0 5.0 
30 deo 15.0 5.0 5.0 
40 dea 15.0 5.0 5.0 
50 <.lea 15.0 5.0 6.0 
60 deo 15.0 5.0 5.0 
TO dea 15.0 5.0 5,0 
ao deg 15.0 5.0 5.0 
90 deg 15.0 5.0 5,0 

Elav. OfTesl -3 
Deplh Below M"~ 2' Remold Shaft 

Torque Torque Correction 
lnch·Poundf; lnd1-P01H1d Inch-Pounds 

o dog 0.0 0.0 O,Q 
10 deo 100.0 50.0 10.0 
20 dea 120.0 60.0 10.0 
30 dea 140.0 60.0 10.0 
40 deg 120.0 90.0 10.0 
50 deg 100.0 50.0 10.0 
60 deg 90.0 60.0 10,0 
ro r~ea 70.0 60.0 10.0 
ao dea 60.0 70.0 10.0 
90 rl•g 00.0 60.0 10.0 

Mud Ele•aUon (NAVD88) ~ 
Testfl1 El= 
Test#2 El• 
Tesl/13 El= 

·1 
-2 
-3 
-4 

Su • (TMAX)Ilr(0.502H+0.16703
) 

Net Remolded Remold 
Pressure NelPr-. ShiOIII' Shear 

Inch-Pound~ Inch-Pound. PSF PSF 
0.0 0.0 0.00 0.00 
10.0 0.0 7.25 0.00 
10.0 0.0 7.25 0.00 
10.0 0.0 7.25 0.00 
11).0 0.0 1.25 0.00 
10.0 0.0 7.25 0.00 
10.0 0.0 7.25 0.00 
1M o.o 7.25 o.oo 
10.0 0.0 7.25 0.00 
10.0 0.0 __ ].25 - __ 0.1)!) 

Net Remolded Remold 
Pressure Ne!Preli$. Shtar 61\Rar 

Inch-Pound• Inch-Pound PSF PSF 
0.0 0.0 0.00 0.00 
90,0 40.0 65.24 28.99 
110.0 50.0 79.73 36.24 
130.0 50.0 94,23 36.24 
110.0 80.0 79.73 57.99 
90.0 40.0 65.24 28.99 
BO.O 50.0 57.99 36.24 
60.0 50.0 43.49 36.24 
50.0 00.0 36.24 43.49 
50.0 50.0 36.24 36.24 

----
15.00 -------"l 
10.00 

5.00 
./ 

.. ~ 

-·~ _ _, ____ -
0.00 

.s.oo •!•l•i•l•l·l-1·1-1-o • ~ ~ ~ ~ ~ ro ~ ~ 

120.00 ·---------·-----------·-·-·-- _____ ,_ 

~-00 ~ 
60.00 -~-~. ----: 

30.00 .fr 

~ •J·J-j•J·J~j-j-J-1-o ro ~ ~ ~ eo eo ro eo oo 

Elev. O!Tesl -4 
De •lh tl•low M11d 3't----,-=R••m=o~ld::-,--:Shl!r.:' ~~~~ ....,r--:N~e~t-"''"":Rem==-=o=ldte~d.,.----.,.-;;R~tm=o~l:::d_, !"'------------------·--------.., 

Torque Torque Correction PMaurt Net Preu. ShRar lihoor 
Inch-Pound .. Inch-Pound! lnofl.Pound• lnoh·Poundo Inch-Pound~ PISF P!lF 000·00 ~ ·-·-- ·-1 

__ o dog 0.0 0,0 0.0 0.0 0.0 0.00 0.00 
250

'
00

. / ~ I 
10 deg 200.0 40.0 8.0 192.0 32.0 139.17 23.20 :: ____ _L__ ___ .... . . ·-·-- . --·-
20 deg 400.0 60.0 8.0 392.0 52.0 284.14 37.59 · ?- · · ... ~ ·- ___ ~----- -- · -. 
30 deg 350.0 30.0 8.0 342.0 22.0 247.90 15.95 ':·: / ~ 
40deg 200.0 30.o a.o 192.0 22.0 139.11 15.95 ·oot:;z~:E:;=~;::;;~~;;;::;~~~~~;;lbip;;q 
50 dog 150.0 20.0 a.o 142.0 12.0 102.93 8.70 o. ··- I ~ 

1 
.... I d I I I 1- I I I oo deu 110.0 eo.o a.o 102.0 li2.0 73.93 ~7.69 .... .... ... Iii dliQ •Iii ~ ~ • -

70 deg 90.0 30.0 8.0 82,0 22.0 59.44 15.95 o 10 20 so ~o 50 oo TO eo eo 
so dea 70.0 30.0 8. 62,0 22.0 44.94 15.95 
90 deg 70.0 20,0 8.0 62.0 1 ,0 4M4 8,70 



CI.E Engineering, Inc. 

Vone Shear T as! Report 
Test performed on 9115/11 by CI.E Engjnee•ing, Inc. 

VilneOiam. = 3.810 Inches 

Vane Height = 7.440 Inches 

Sample Site H42 

Eiev. Of Test -3 
D~plll Belaw Mu<l 1' Remold 

Torque Torque 
Shan 

CorracUon 

Mud Elevation (NAVD88) ~ 
Teal #1 El= 
Test#2EI~ 
Teat#J El2 

-2 
·3 
-1 
-5 

Su • (T MAXl/1T(0.5D2H+0.1 6703
) 

Net Remolded Remold 
Pressure Net Press. Shear Sheor 

lm;h"P(H,nd,;. lnch"Pound!= ln<"h-Pnund. lnch·Pmmds lncf1..Pound PSF PSF 
Odeu 0.0 0,0 0.0 0.0 0.0 0.00 0.00 

10 ctea 30.0 30.0 8.0 220 22.0 15.95 15.95 
20 d~a 40.0 40.0 8.0 32.0 32.0 23.20 23.20 
30 deg 30.0 35.0 8.0 22.0 27.0 15.95 19.57 
40 (19 :m.o 35.0 8.0 22.0 27.0 15.95 19.57 
50 dog 30.0 30.0 8.0 22.0 22.0 15.95 15.95 
60 deg 25.0 :m.o 8.0 17.0 22.0 12.32 15.~-
70 dea 25.0 30.0 6.0 17.0 22.0 12.32 15.95 
ao deo 25.0 30.0 8.0 17.0 22.0 12.~2 15.95 
PO dPg 2§.0 ~.o .... _8.0 -- __j7.Q _ ____?.2.0 12.32 15.95 

Elev. Of ·rest -4 
D"pth Below Murf 2' Remold Shaft Nel Remolded Remold 

Torque Torque Correction Pressure Net Press. Shear Shear 
Inch-Pound~ I nth-Pound, lne~Pnunrlt~ Inch-Pound• Inch-Pound• PSF PSF 

0 de 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
10 de 300.0 20.0 10.0 290.0 10.0 210.21 -~ 20 deo 460.0 25.0 10.0 440.0 15.0 316.93 10.67 
30 deo 470.0 20.0 10.0 4GO.O 10.0 333.43 7.Z5 
40 Mg_ 500.0 20.0 10.0 490.0 10.0 355.18 7.25 
50 deg 510.0 20.0 10.0 600.0 10.0 362.43 7.25 
60 dcg 530.0 20.0 10.0 520.0 10.0 376.92 7.25 
70 deg 640-:-0 20.0 10.0 530.0 10,0 384.17 7.25 
80 deg 560.0 20.0 10.0 550.0 10.0 398.67 7.25 
PO deg ~00.0 20.0 10.0 200.0 10.0 210.21 7.25 

Elev. OfTe•t -5 
D~plh 0fl!hJW Mutt 3' Remold Shaft Ntl Remolded Remold 

Torque Torque COrrection Pr&SSUI'B Nel Press. Sh•ar &ht~r 
Inch-Pound!~ lnch-PoundB Inch-Pound! 11'\Ch-Pound~ lnr.h-Pound. PSF PSF 

Od!?iJ.__ 0.0 o.o 0.0 0.0 0.0 o.oo 0.00 
10 deo 400.0 100.0 10.0 300.0 90.0 282.69 60,2~ 
20 d~ll_ 500.0 110~0 10.0 ~00.0 100.0 355.18 72.49 
30 deo 600.0 ao.o 10.0 640.0 70.0 463.90 50.7~ 
40 <leo 550.0 GO.O 10.0 540.0 10.0 391.42 50.74 
60 dea 460.0 eo.o 10.0 440.0 70.0 318.93 • . 14 
GO dea Z56.0 eo.o 10.0 240,0 70.0 173.96 0.74 
7(1 dea 200.0 60.0 10.0 190.0 70.0 137.72 50.74 
GO dea 170.0 60.0 10.0 100.0 70.0 1 6.9~ 50.74 
90 dea ... __ 141}.0 -- -~·0 _ - 10.0 ~O~Q___ ___10.0 _Q4.23 50.74 

-~---- -~--~-

30.00 
a.oo ........., 
20.00. ,.:;;- --- - -~-

18.00 --.--~ . ... - ....... 
10.00 I 
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CLE Engineering, Inc, 
Mud Elovation (NAVD88) ~ ·3 

Vane Sheor Test Report le$1/11 El= -4 
Teat periormed on 9/15111 by cu; Engineering, Inc. Te•t112 El• ·5 

Test 13 El• ·5.5 
3.810 Inches Vane Diam. = 

Vane Height • 7.440 Inches Su = (T MAXl/rr(0.5D2H+0.167D3
) 

Sample Site H43 

Elev. Of Test -4 
Donlh B~low Murl 1' Remold Shall Net Remolded Ram old 

Torque Torque Correction Pressura NetPrf)SS. Shoar Sh•ar 
fnch-PmJnrt lnch-Pounrl• lnch-Pournj, lnch-PQund~ lnch-Poundo PSF PSF 

0 deg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
10 d~Q zo.o 5.0 2.0 18.0 3.0 13.05 2.17 
20 deg 35.0 5.0 2.0 33.0 3.0 23.92 2.17 
30 df!Q 20.0 5.0 2.0 18.0 3.0 13.05 2.17 
4Q deg 15.0 5.0 2.0 13.0 3.0 9.42 2.17 
50 d~g 15.0 5.0 2.0 13.0 3.0 9.~2 2.17 
60 d~ll 10.0 5.0 2.0 8.0 3.0 5.80 2.17 
70 deg 10.0 5.0 2.0 6.0 3.0 5.60 2.17 
AO de 10.0 5.0 2.0 6.0 3.0 5.80 2.17 

---- ____ ____j!Q_ ~ 10.0 
-

5,0 2.0 8.0 3.0 5.80 2.17 

Elev. OrTesl 
Depth Bolow M11d 2' Remol<l Shaft No! Remolded R•mold 

Torque Torque Correction Pressure Net Preas. Shoar Shear 
lnr.h-Pound~ Inch -Pounds lnc~-Pound• fncf1AP0\10d5 Jnch·Poundt? PSF PBF 

o dcg 0.0 0.0 o.o 0.0 0.0 0.00 0.00 
10 dog 100.0 100.0 8.0 92.0 92.0 66.69 66.69 
20deo 200.0 140.0 8.0 192.0 132.0 139.17 95.68 
30 deo 350.0 150.0 8.0 342.0 142.0 247.90 102.93 
40 deo · 300.0 200.0 8.0 292.0 192.0 211.66 139.17 
50d•g 270.0 90.0 8.0 262.0 82.0 189.91 59.44 
60 deg 300.0 80.0 8.0 202.0 72.0 211.66 52.19 --·----
70dea 290.0 70.0 8.0 282.0 62.0 204.41 44.94 
80det 230.0 100.0 8.0 222.0 92.0 180.92 66.69 
90 rlen 200.(l 150.0 8.0 192.0 142.0 1:19.17 102.93 

t:lev. OfT est 
o~ til f3(llloW Mud 

o.o I o.o I o.o I 0.0 I 0.0 
200.0 I 110.0 I s.o I 192.0 
zso.o 1 150.o 1 a.o 1 2112:o 
200.0 I 110.0 I 8.0 I 192.0 
<5o.o I 100.0 I e.o I 242.0 
200.0 I 50.0 I e.o I 192. 
200.0 I 50.0 I s.o I -192.0 
100.0 I ~o.o I e.o J 92.0 
50.0 I 30.0 I e.o I 42.0 
1ooo--r · 3o.o r-·s.o-l~.o 

··-·---·-·-·------------· 

~.00 ~ 25.00 • 

20.00 t-~--~----·---····--··-.. --... 
15.00 > ____ .-,....:._,_AO~-----· ... M·--... ----
10.00 , ,..,_ • 

uo-/ ··· 

~ ~,~,:,:,:,:,:,:,:,: 
D M 20 ~ ~ ~ ~ N ~ ~ 

·---------
500.00 --------------------------------------

•oo.oo ---------· -·--·-
300.00. L..... -------

/.........__ 200.00 -100.00 ............ -0.00 

~T~T~1~1~1~J~J~I~I~ o w ~ ~ ~ ro ro ro ro ~ 
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CLE EnulnoorinQ, Inc. 

Vans Shear Test Report 
Test performed on 9/15/11 by CLE EOQinGefing, lnll. 

Vane Diam. = 
Vane Height = 

Sample Site H44 

Elev. OfT est 
DP-pth BPiow Mw1 

3.810 lndles 

7.440 Inches 

-4 
1' Remold 

Torque Torque 
Shaft 

Corra<;lion 

Mud Elevation (NAVDBal = 
Tet1#1 El• 
Teat#2EI• 
Teaii#3EI• 

-3 
-4 
nla 
nla 

Su = (T M...xllrr(0.5D2H+0.167D3
) 

Net Remolded Remold 
Prossure Net Prase. Shear Shoar 

lnch~Prn,ncis lnch-Pot10d" lnch-Pottnd• Inch-Pound• Inch· Pounds PSF PSF 
0 deg 0,0 0.0 0.0 0.0 0.0 0.00 0.00 

10deg 200.0 130.{) 8.0 192.0 122.0 139.17 88.43 
20 deg 210.0 150.0 8.0 202.0 142.0 146.<12 102.93 
3!J de 180.0 110.{) B.O 172.0 1!J:Z.O 124.67 73.93 
40 doa 00.0 130.0 8.0 82.0 122.0 59.44 88.43 
50 dog 1500 110.0 8.0 142.0 102.0 102.93 73.93 
60 deg 80.0 19{).0 e.o 72.0 182.0 52.10 131.92 
70 deg 70.0 100.0 8.0 62.0 92.0 44.94 6M9 
60d'!ll 60.0 80.0 e.o 52.0 72.0 37.69 52.19 
90 dog 60.0 80.0 8.0 52.0 72.0 37.69 52.19 

Elev. OfTest " n/A NIA- Gravelly 
Dapth Below Muo I'll A Remold Shall Net Remolded Romold 

Torqu& Torque Corre<;lion Pmssure Net Pre ... Shear Shoar 
Inch-Pound, fm;:h~Pounrf!l lnch-Poond lnch.Poufld. Inch-Pound• PSF P5F 

Odeg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
10 dell. 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
20 dog 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
30deg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
40deg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
50deo 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
60 deg 0.0 0.0 0.0 0.0 0.0 o.oo 0.00 
io<iea 0.0 0.0 o.o 0.0 0.0 0.00 0.00 
60 deo O.o o.o 0.0 0.0 0.0 0.00 0.00 
90 ~"ll 0.0 0.0 0.0 0.0 0.0 0.00 0.00 

Elev. O!Teot nla N/A -Grovel! 
Depth Below Mud NIA Remold Shaft Net Remolded Remold 

Torque Torque Correction PreS$Ure Net Preu. Shur Shoor 
lnch-Pt'und Inch-Pounds lnch-Poonds Inch-Pounds Inch-Pounds PSF PSF 

_§!deg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
10deg 0.0 o.o 0.0 0.0 0.0 0.00 0.00 
20 d"!l 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
30 deg 0.0 o.o 0.0 0.0 0.0 0.00 0.00 
40 deg 0.0 0.0 0.0 0.0 0.0 0.00 o.oo 
50 deg 0.0 0.0 0.0 0.0 0.0 0.00 0.00 
60 d~g 0.0 0.0 0.0 0.0 0,0 o.oo 0.00 
70 deQ 0.0 o.o o.o 0.0 0.0 0.00 0.00 
80 dea 0.0 0.0 00 o.o 0.0 0.00 0.00 
90 deg 0.0 0.0 0.0 0.0 0.0 0.00 Mll 

-~--- -----

::.: 1---i =... ~-~ --===1 
..;_oo I/ .,....... '- /""flC "- '\... 
;)0.00 // ·, 
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SOURCE: Aerial photogr~tphGoogh!! 2011. 
HORfZONTAl DATUM: Delaware State Plane North, NAD83. U.S. Feet. 
VERTICAL DATUM; Unknown. 
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Hl• Hand Probe and VST Location 

SCl() Sediment Core Location 
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Exploration Location 
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Figure 1 
Site Plan 

Delaware River 
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Client: Anchor QEA, LLC 

6~ 
Project: 
location: 

Oaymont, DE Sediment Investigation 

E X P R E S S 
Boring ID: --­
Sample ID:--­
Depth: 

Project No: GTX-10512 
Sample Type: --- Tested By: jef 
Test Date: 10/06/11 Checked By: jdt 

Sample Id~ 

Moisture Content of Soil - ASTM D 2216-05 

Boring ID SampleiD Depth DeSc:rlptfon Moisture 
Content.% 

--- sc-s 0-12in Moist, black sandy silt 55.9 

--- sc-5 12-24 in Wet, black silt 92.5 

--- SC-5 24-36in Wet, very dark gray silt 86.8 

--- sc-5 36-42 in Wet, very dark grayish brown silt 95.7 
with sand 

- SC-6 0-12 in Wet, black silt with sand 71.3 

--- SC-7 0-12in Wet, black silt 75 

-- SC-8 0-12 in 1>1ofst, black silty sand with gravel 83.6 

--- SC-9 0-12in Wet, dark yellowish brown sandy silt 254.1 

--- SC-10 0-12in Wet, dark gray silt 921.9 

Notes: Temperature of Drying : 1100 Celsius 

printed l0/6/20lJ lO;;ti::=s .AM 



Olent: Anchor QEA, LLC 
Project: Claymont, DE Sediment Investigation 
Location: Project No: GTX-10512 
Boring ID: --- Sample Type: --- Tested By: ema G~ 

E X P R E S S Sample ID:--- Test Date: 10/04/11 Checked By: jdt 
Depth : Test Id: 218213 

Specific Gravity of Soils by ASTM D 854-06 

Bortngm SampleiD DeptJt VIsual Oeacrlptkul SfMICitlc: 
Gravity 

--- SC-5 o-12 in Moist, black sandy silt 2..79 

--- SC-5 24-361n Wet, very dark gray silt 2.54 

-- SC-5 0-12 in Wet, black silt with sand 2.86 

-- se-a o-121n Moist, black silty sand with gravel 2.76 

-- SC-10 o-12 in Wet, dark gray silt 2.76 

Moisture Content determined by ASTM D 2216. 



G~ 
alent: Anchor QEA. LLC 
Project: aavmont, DE Sediment Investigation 
lOcation: --- Project No: GTX-10512 
Boring ID: --- Sample Type: bag Tested By: jbr 

E X P R E S S Sample ID:SC-10 Test Date: 09/29/11 Checked By: jdt 

Depth: G-12 in Test Id: 218188 
Test Comment: ---
Sample Description: Wet, dark gray silt 
Sample Comment: ---

Particle Size Analysis - ASTM D 422-63 (reapproved 2002) 

0 0 
0 0 0 g 0 ~ ; i N v ... 

~ ~ ~ 'It: 'It: 
100 I I y y y 

I . I I I 
I I I I I I 

90 I I I I I 
I I I I I 
I I I ' I 
I I I , I 

80 .I I ' I I 
I I I I I 
I I I I I 
I I I I I 

70 
I I I I I 
I I I I 
I I I I 
I I I I 
I I I I 

.! 60 1 1 ,. I 
I I I I I 

I I I I u.. I I I I 

i 50 • I I I 
I I I 

l I I I 
I I 

40 I I 
I I 
I • 
I I 

30 • • • • ' • • I 
I I I 
I • I 

20 .I -. I. I 
I I I I I 

• I I I I 
I I I I I I 

10 • • I I I· • 
• I I I I I 
I I I I I I 
I I I I I I 

0 
1000 100 10 1 0.1 0.01 0.001 

Grai-l Size (nm) 

%0Jbble %Gravel %Sand %Silt & Oay Size 

- 0.0 3.9 96.1 

Slew~- :Sieve~. Peraat Finer Spec. Percent CompiiU Coefficients ---- .. Des :0.0143 mm D:lo=0.0018 mm 
#4 4.75 100 

#10 2-00 100 Dso =0.0042 mm D:ls=N/A 
#20 o.ss 100 Dso =0.0036 mm Dlo=N/A 
#40 0.42 99 

#60 0.25 99 Cu =N/A Ce =N/A 
noo O.lS 98 ,,i\!:iilfi!::i\!~12!] 
l!:lOO 0.075 96 hSIM elastic silt (MH) 

- Pllnido.Size{mm} l'elwll. Anllr 51*. Pen:ent Compbes 

0.037() 94 

·- 0.0230 89 MSHTQ Clayey Sails (A-7-5 (195)) 

·- 0.0133 84 

0.0094 80 

-- 0.0067 7S Sample/Test Description 
00046 66 

Sand/Gravel Particle Shape : ---

·- 0.003<1 47 Sand/Gravel Hardness : --· 
- 0.0016 28 

l ! 
pr!Dte.d :.0/6/2011 :o~-t3-:01 AM 



O!ent: Anchor QEA, LLC 
Project: Claymont, DE Sediment Investigation 
Location: --- Project No: GTX-10512 
Boring 10: --- Sample Type: bag Tested By: GA G~ 

E X P R E S S Sample ID:SC-10 Test Date: 10/06/11 Checked By: jdt 

Depth: 0-12in Test Id: 218195 
Test Comment: ---
Sample Description: Wet, dark gray silt 
Sample Comment: ---

Atterberg Limits - ASTM D 4318-05 

Plasticity Chart 

140 
. . . . . . ...... : ...... ~ ...... ~ ........ · .... "' ... ~ ........ •.· ..... . 

. . . . . 
120 .................................................. . . . . 

100 

I 
80 >.. 

. . . .. . . ... t.~ .. " ... . :· .................... · ........ · ...... : .... . 
~ 

I 60 
.. . . . .. . .. .................. •.• .......................... ., ....... , .......... ' .. . 
.. . . . . . 

. .. .. .. . .. 
40 .......................... "' ..................... f[ • ............. "" ...... "' ......... .. . . . - .. . . . 

20 ... ~ ........ ~ ......... -: ....... ·=· ........ ·:· ...... ·:· ...... ·:· ....... :· ......... :· ........ : ... . 

MH arOH 

0 
0 20 40 60 80 100 120 140 160 180 200 220 240 

LiquidLmt 

. Symbol SampleiD. ~rlft9.· De~ N~ral _ Uquld · Plastic ~ Uquidlty Soli Cusll'icztion 
Molsbn - limit· Umlt. Imler tndex 
~t,o,t,. 

' 
.. ., .•:.,. . 

* 
SC-10 0-12 in 922 239 102 137 6 elastic silt (MH) 

Sample Prepared using the WET method 

1% Retained on #40 Sieve 

Dry Strength: MED!Ut-1 

Dilentancy: NONE 

Toughness: 1>1EDIUM 

pr::.::~ted ::.C/€/2011 10:25:34 AA 
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APPENDIXC 

TOPOGRAPHIC INFORMATION FOR THE UPPER 
PORTION OF THE SLUICEWAY 

CUMMINGS 
J<..ITER 
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TOP: 9.71 

!NV. 6.02 

1 SOURCE: Topographic survey from ClE Engineering, Inc. Dated October 10,2011 
~ HORIZONTAL DATUM: Delaware State Plane North, NAD83. U.S. Feet. a VERTICAl DATUM: NAVD 88 
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Figure 1 
Site Plan 

Delaware River 
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11 SOURCE: Topographic survey from CLE Engineering, Inc. Dated October 10,2011. 
~ HORIZONTAL DATUM: Delaware State Plane North, NAD83. U.S. Feet. 
~ VERTICAL DATUM: NAVD 88 Bottom profile surveyed by landmark JCM (September 2011) 

NOTE: 
~., L Survey data represents bottom of bank elevations as measured approximately 12" 
:g from the edge of sluiceway sheet pile waiL 
~ 2. Hand probes generally performed near the center of the sluiceway channel. 

• ~ANCHOR 
-'t-OEA~ 

20 30 40 

Horizontal Distance 
Vertical Exaggeration x 5 

Station 1+39.23 

B' 

14 

12 

10 

8 

!Gr~lng) 
i 

~6i 
j 

-2 

-4 

-s 
so 60 

0 10 

~-•--· I Scale f,, , .. ..-~ 

Figure 2 
Sections A-A' and B·B' 
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SOURCE: Topographic survey from ClE Engineering, Inc. Dated October 10, 2011. 
HORIZONTAL DATUM: Delaware State Plane North, NAD83. U.S. Feet. 
VERTICAL DATUM: NAVD 88 

NOTE: 
1. Survey data represents bottom of bank elevations as measured approximately 12" 
from the edge of sluiceway sheet pile wall. 
2. Hand probes generally performed near the center of the sluiceway channel. 
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11 SOURCE: Topographic survey from CLE Engineering, Inc. Dated October 10, 2011. 
~ HORIZONTAL DATUM: Delaware State Plane North, NAD83. U.S. Feet. 
~ VERTICAL DATUM' NAVD 88 Bottom profile surveyed by landmark JCM (September 2011) 
8 
~~ NOTE: 
~ 1. Survey data represents bottom of bank elevations as measured approximately 12" 
:gl from the edge of sluiceway sheet pile wall. 
~ 2. Hand probes generally performed near the center of the sluiceway channel. 
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Sections E-E' and F-F' 

Delaware River 
Honeywell DVW 



G 
12 

I ! I I I ! I I I 
I I I I I I I I I I ' ' I i i I I I I ! : 

lQ ---t-"------:--~---~---·----~--------t-------------~ ! -+----- ! 1 ----+------~--+--------~ ~ 
. I. I j I I I c I I I I I /I I 

Ratlro_ad i : 1 1 1 i ! I 1 I i ' ; 
8-+ --------~~~-~!.~!-~---~---+- -- ----t-----------~- : ~-----·---+---- ----+ : -----t------+-----t-----~-----+--------------~+-----

1 t i t i 1 t : I 1 : , i 
. I j : i i i i I ! : . Road I 
: i 1 • 1 , : t : I : : I __ ___ Crossing __ --· -r i --- ·ryprcat·watert··--- -- --·-·-·--·t --------~ ------·-·--·-·- ---- ---r-----·----·-----: ·---------- -~-l------- ------r--·--·-·--------- ---·-t-·· -------- -------~ -·t- · · ··t 

1 Surface Eleva~ion I i 1 ' I I 1 . 
I i I i I i ! I I t 

--1·· -.. j -----·- -----·-- - --~------·· ·----- -- --··- --~----·-· ·-------------·-· ···--f ----·--·-···-· -1--- . -------- ------·i . ---·-------·t-·---------·- -----------1---·---- --· -· ·- + 
i i ' \ I I 1 \ 

6-

4-

- i ' : I i ! i ! i I : 

ill J= i PROBE I I I i I p~~~E I : I i ! . §; 2 ------~--~----~--------j : , : I , , . , -r------- --
~ : ' 

1

1 "i \ il l I \ \ : I !, : 

1

1 c 
- ' ' ' ' I "I I ' I ' ' ' 2 c l ~ ! : _ ---·1--- --~ -~- __ soft/verysoft ~0.7ft.NAVD8~ _ --"·-- ·- I , J : -... 

81 I 0 ------~.--~~2~D~~----~.-~---~-~~~----- -~-- -~~~~~--+-----~~----4-~-~----~-------t------- I 
lQ w Gr~vel D I I 1 ! , : i t ( i i ~ 
~ W 1 ------tRefusal(-0.9 ft. NAVD 88) \ i 1 I i 1 ! : 1 8 
~ : ! I i i i I I i I )S 
">:] -2 ! ! I I : 

i, : \ ~ 
-4+ ' i ~ 

§ 
~ 

5\ 

~ 
{ 
8 

I 
\ ', 
' ' ' ' 

-6 --- : i i : 
: ! I i I I I ' ' I I I I I I I 

-8 +----·--+-------1---------r------- ' I I : --~-------+-------+---- ------ -------1~------- ------1 
' -t--Refusal (-8.7 ,. NAVO 88) i j i ! 

§ 
'i 
is: 

~ 
! -10 i \ \ i 

0+20 0+40 0+60 0+80 1+00 1+20 1+40 1+60 1+80 2+00 2+20 2+40 2+60 2+80 
0 

! 
0+00 

• ~I SOURCE: Topographic survey from ClE Engineering, Inc. Dated October 10, 2011 
~ HORIZONTAL DATUM: Delaware State Plane North, NAD83. U.S. Feet. 
~ VERTICAL DATUM: NAVD 88 
~ 

NOT£: 
~~1. Survey data represents bottom of bank elevations as measured approximately 12" 
~ from the edge of sluiceway sheet pile wall. 
~ 2. Hand probes generally performed near the center of the sluiceway channel. 
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LEGEND: 

Bottom profile surveyed by landmark JCM (September 2011) 
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Figure 5 
Section G-G' 
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11 SOURCE: Topographic survey from CLE Engineering, Inc. Dated October 10, 2011 
~ HORIZONTAL DATUM: Delaware State Plane North, NAD83. U.S. Feet. 
~ VERTICAL DATUM: NAVD 88 

LEGEND: 

Bottom profile surveyed by landmark JCM (September 2011) 
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NOTE: 

~~1. Survey data represents bottom of bank elevations as measured approximately 12" 
~ from the edge of sluiceway sheet pile wall. 
~ 2. Hand probes generally performed near the center of the sluiceway channel. 
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Figure 6 
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